In order to extract fault features of rolling bearing effectively, a method which is based on variational mode decomposition and spectral kurtosis was proposed. The Intrinsic Mode Function (IMF) is obtained by variational mode decomposition.The intrinsic mode function (IMF) is obtained by variational mode decomposition. The IMF containing fault information was selected to reconstructed based on the spectral kurtosis and then extracting the fault feature frequency by envelope spectrum analysis and good results are obtained.
Introduction
The bearing is the key part of the mechanical transmission system and the generator system, which plays a vital role in the process of power transmission [1] .If the bearing fails, the normal operation of the wind turbine transmission system may be affected, even resulting in the stop of the machine. In this paper, a novel method for bearing fault feature extraction is proposed based on variational mode decomposition(VMD) and kurtosis index. By VMD, the fault signal is decomposed into a number of IMFs and the signal is reconstructed based on the spectral kurtosis. The signal is then are demodulated by the envelope analysis and the fault characteristics of the bearing are extracted.
Theoretical background
Variational mode decomposition (VMD). Variational mode decomposition (VMD) [3] is a new method for signal decomposition estimation. In the VMD algorithm, each intrinsic mode function (IMF) can be regarded as an amplitude modulated signal: .
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(3) Analysis the bandwidth of the demodulated signal with the H1 Gaussian smoothness i.e.the squared L2-norm of the gradient, The resulting constrained variational problem is the following: is strong additive noise. Spectral kurtosis [4] is defined as the 4 order cumulant spectrum energy normalization, the formula is as follows： 
Steps of the algorithm
The steps of the algorithm are displayed as follows: (1) The original vibration signal is decomposed to IMF by VMD. (2) Computing the spectral kurtosis of the different IMFs, choose the suitable IMFs to reconstruct the signal, which contain fault information. (3) Making an envelope analysis of the signal obtained from step 2 to determine whether there has a failure and to find out the location of the fault.
The result of the analysis
In this paper, the fault data comes from the bearing data center of Case Western Reserve University The time domain and frequency domain of the vibration signal of the bearing outer ring fault is shown in Figure 1 (a) and 1 (b) . The signal sampling frequency is 12000 Hz and the number of sampling points is 8000, the outer ring fault characteristic frequency is 106.5Hz. From table 1, it can be seen that the spectral kurtosis value of the IMF2 and IMF3 larger, therefore, signal is reconstructed with the IMF2 and IMF3, the time domain and frequency domain of the reconstructed signal is shown in Figure 2 . The rotating speed of the rotating shaft is 1796r/min, and the frequency is 29.63Hz. In Figure 2 (c), a peak can be seen at the frequency of 28.5Hz, which corresponds to the theoretical transfer frequency. At the same time, a distinct peak can be seen in the 105Hz,corresponding to the fault characteristic frequency of the bearing outer ring. What's more , the frequency components of the 210 Hz and 315 Hz have obvious peak value, which correspond to the fault characteristic frequency of two and three times frequency, and meets the fault characteristic of the bearing outer ring.
Using the same method to deal with the inner ring fault signal, the time domain and frequency domain are shown in Figure 3 (a) and 3 (b).At this point, the drive end of the transfer frequency is 1794r/min, the theoretical frequency of 29.9Hz, after the calculation of the fault characteristic frequency of 160Hz.Using the above method, the signal envelope spectrum of signal processing is shown in Figure 3 (c) . In Figure 3 (c), it is seen that the peak value of 30Hz, 58.5Hz, and 88.5Hz are obvious, which is corresponding to the frequency of two and three times. In the 160.5Hz ,the obvious peaks can also be seen, corresponding to the fault characteristic frequency. Moreover, the 189Hz and 130.5Hz in the vicinity of the 160.5H have a more obvious projection, which corresponds to 1 times of the frequency band, and meet the fault characteristics of the bearing inner ring.
Conclusion
In this paper, the independent feature component is obtained and the independent feature component are selected by the spectral kurtosis, and the problem of the optimal bands selection is solved effectively .The fault characteristics of the signal are extracted from the noise reduction, and the good results are obtained.
